Local repair of stoma prolapse avoids the consequences of a major laparotomy.
Introduction
Stoma prolapse is one of the most common late complications after stoma construction with reported incidence of 2e26% [1] . Although prolapse is observed with any type of ostomy, loop ostomies have a higher incidence of prolapse [1] . In these cases, the prolapsed segment typically involves the distal limb of the loop ostomy [1e3] . Prolapsed segments are usually not life-threatening but may lead to alterations in cosmesis and difficulty in fitting stoma appliances. In cases of prolapse where manual reduction is difficult due to edema, local osmotic therapy using sugar can decrease the edema and facilitate reduction of the prolapsed segment [4] . When prolapse cannot be reduced, bowel incarceration and strangulation can occur. In these situations, exploratory laparotomy may be necessary with revision of the stoma, stoma reversal if appropriate, or complete relocation of the stoma [4] .
For certain patients, laparotomy may be associated with significant morbidity and therefore additional surgical options are needed. In this report, we describe a technique for local revision of stoma prolapse using stapler devices that avoids the need for a laparotomy. While this technique has been partly described by other surgeons [5e10], previous reports are heterogeneous in detail and visual descriptions are quite limited. We therefore reviewed all reported cases of local prolapse revisions and comprehensively detail a summary technique in a step-by-step graphical manner.
Presentation of case

Patient presentation
A 58 year old African American female with rectal cancer was referred for further management. She had been initially diagnosed with a near-obstructing rectal mass at 10 cm from the anal verge and underwent a diverting transverse loop colostomy at an outside hospital. She was staged by endorectal ultrasound (ERUS) and magnetic resonance imaging (MRI) to be T3N1 and pathology from biopsies were consistent with adenocarcinoma. The patient underwent chemo-radiotherapy and was found on re-staging to have new multiple lung lesions suspicious for metastatic disease. This was subsequently confirmed on wedge biopsy. As she underwent evaluation for further chemotherapy, she presented with an acutely incarcerated, prolapsed distal segment of the transverse loop colostomy. Attempts at reduction were unsuccessful. Local revision of the prolapsed segment was planned as there was no intention to resect the lung lesions or primary rectal tumor at this time. Informed consent was obtained for local revision with possible conversion to laparotomy.
Intervention
The patient underwent general anesthesia and was placed in the supine position. After administration of preoperative antibiotics, the prolapse segment was examined and confirmed to be the distal limb of the loop transverse colostomy ( Figs. 1 and 2 ). The segment was incarcerated and could not be reduced even under general anesthesia. At this point, a gastrointestinal linear stapler (GIA 100; Covidien, Mansfield, MA, USA) was inserted into the lumen of the stoma and used to transect the prolapsed stoma in a longitudinal fashion at the superior, twelve o'clock position to approximately 1-cm from the skin (Fig. 2B) . A second GIA stapler was used to transect the prolapsed stoma at the inferior, six o'clock position (Fig. 2C ). These two staple lines bisected the prolapsed segment into two halves (Fig. 2D ). The base of each half was then transected at approximately 1 cm above the skin level in a perpendicular fashion with two additional GIA stapler loads (Fig. 2EeG) . A total of four staple loads (two for the bisection and two for the base of each half) were thus used in the entire procedure. On final appearance, the circumferential margin of the stoma was reconstructed with complete removal of the prolapsed segment and a 1-cm bud above the skin level (Figs. 2H and 3 ). There was minimal blood loss and the lumen of both proximal and distal ends of the loop colostomy were widely patent. After application of a stoma appliance the patient was awoken and taken to the recovery area.
Results
No intraoperative or postoperative complications occurred. Entry into the abdomen was completely avoided. In the recovery phase, no narcotic medications were required as the patient had minimal pain requirements and oral intake was resumed the day of surgery. Stoma function returned and she was dismissed on postoperative day one. On four-week post-operative follow-up, she had no evidence for recurrent prolapse, obstruction or other complications. The patient was satisfied with her care and is currently receiving additional chemotherapy for progression of disease with new lung metastasis.
Discussion
In this report, we describe a technically easy, safe and effective approach to locally revise complications of stoma prolapse. This technique uses commonly available linear staplers to remove incarcerated segments of prolapsed intestine and avoids a laparotomy. After four applications of the stapler to the prolapsed segment, the final appearance of the revised stoma was satisfactory (Fig. 3) . Functional outcome was also excellent with rapid recovery of bowel function. The entire procedure was completed in less than thirty minutes with no intra-operative or post-operative complications. The local revision technique described in this report should be part of the armamentarium of any surgeon who manages stomas and their potential complications. Stoma construction is an important and often underappreciated technique for many surgical specialties. Both early and late complications may occur with stomas. Early complications, which occur within 30-days of stoma construction, include vascular compromise, stoma retraction, skin irritation secondary to poor stoma siting, peristomal abscess/fistula, parastomal hernias and early postoperative bowel obstruction. Errors such as maturation of the wrong end of the stoma are also possible. Of the late complications that can occur, stoma prolapse is one of the most common and has a reported incidence between 2 and 26% [1] . Presence of prolapse itself is not an indication for surgical repair; however, it can alter quality of life for patients and may incarcerate (as in our case) or even strangulate.
Many surgical techniques have been used to address stoma prolapse [2] . These techniques can be broadly classified into abdominal or local approaches. The abdominal approach involves reversing, re-doing or re-siting the stoma; each of these procedures carries the morbidities associated with intraabdominal entry, potential anastomoses and re-operative surgery. The local approach to revising stoma prolapse intends to avoid these morbidities. Initial reports of local revisions applied the principles of the Altemeier [11] and Delorme techniques [12] to remove prolapsed intestinal segments. More recently, revisions have been performed with stapler devices, which allow for fewer steps and less operative time [5e10] .
A review of all reported cases of local prolapse revisions are summarized in Table 1 . The earliest description was reported by Trentin et al. [10] in Italy using a curved stapler to resect the prolapsed mucosal stoma. Ferguson et al. [6] also used a curved stapler in addition to a straight one to resect a prolapsed end colostomy. In their description, a straight stapler was applied to the stoma at oblique angles along the bowel. This was followed by application of a curved stapler (CONTOUR; Ethicon, Somerville, NJ, USA) to amputate the two remaining halves above the mucocutaneous junction. The remainder of the case reports on local revision apply variations of these staplers. Maeda et al. [9] made a full thickness incision through one side of the prolapsed ostomy prior to transverse resection of the redundant tissue via the straight stapler. Masumori et al. [5] were able to reduce the application of the straight stapler to only one firing across the entire ostomy in a transverse fashion. All cases reviewed involved ostomies of various configurations including end colostomy, loop colostomy, end ileostomy and mucus fistula. Operative times ranged from twenty minutes [7] to fifty-nine minutes [9] . Several of these case reports used local anesthesia [5e8,10] . In all reported cases thus far, no complications or recurrences were reported with local techniques.
Conclusion
Surgeons who construct stomas and manage their complications should be familiar with local approaches to addressing stoma prolapse. When laparotomy and/or stoma reversal is not appropriate, local revision of stoma prolapse provides a low-risk and high-benefit alternative solution. Our comprehensive review of all reported cases of local stoma revision shows that patient outcomes are very favorable with satisfactory function and appearance. Local techniques have gravitated towards the application of linear staplers to remove prolapsed intestinal segments.
Our report confirms the safety and effectiveness of this local technique and furthermore summarizes the step-by-step process in an easy-to-follow visual description (Fig. 2) to assist with future application of this technique. Future studies are needed to assess long-term outcomes of local revisions, but in the short-term, the local technique described in this study provides surgeons with an alternative and effective option for addressing the complications of stoma prolapse.
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